The database of protein complexes (PROTCOM) is a compilation of known 3D structures of proteinprotein complexes enriched with artificially created domain-domain structures using the available entries in the Protein Data Bank. The domain-domain structures are generated by parsing single chain structures into loosely connected domains and are important features of the database. The database
INTRODUCTION
The recent successes of the human and other genome projects provide the amino acid sequences of all macromolecules in the living cell. Utilizing this information will enable us to shed light on the mechanism of the cellular processes. Therefore, significant efforts are directed towards using the amino acid sequences to predict both the protein-protein interactions and the 3D structures of protein-protein complexes.
Since experimental methods such as X-ray and NMR cannot be used at such large scales, developing computational methods that can predict 3D structures of protein-protein complexes is of great importance.
Currently, the 3D structures of protein-protein complexes are predicted by docking (1), binding simulations (2), fitting to electron microscopy data (3), threading (4) and homology modeling (5) (6) (7) . The most popular method of predicting 3D structures of protein-protein complexes is the docking (1), which is broadly used in the Critical Assessment of Prediction of Interactions (CAPRI) competition (8) (9) (10) . Recently, significant progress has also been made applying threading (4, 11) and homology (6, 7, 12, 13) methods to predict 3D structures of protein-protein complexes. Important aspect of the last two methods with respect to our database is that they both use templates to predict the 3D structures of protein-protein complexes. Thus, the databases such as iPfam (14) , 3did (15) , InterPare (16), PiBase (17) and PDBsum (18) that can provide templates for modeling protein-protein complexes are crucial for the success of the threading and homology approaches.
There are two different approaches for modeling 3D structures of complexes: full-length complex structure prediction (4) and domain-domain structure predictions (6) . A database that provides templates for both approaches and has searching tools could be beneficial for both. The paper reports a database of protein-protein complexes enriched by domaindomain structures that were artificially created from singlechain structures in order to mimic protein-protein complexes. The inclusion of domain-domain structures in the form of two-chain 'complexes' increases almost 2-fold the pool of available structures and is an important feature of the PROTCOM database, which at present (as on July 2006) contains 1770 entries. The database is aimed to serve as a pool of templates for threading and homology modeling methods, as a benchmarking set of diverse structures of complexes for the docking and other methods of predicting 3D structures of protein-protein complexes, and also as a tool for investigating the properties of protein-protein complexes through its searching and visualization modules. In this respect PROTCOM offers unique features such as search for entries having (i) particular type of residue or a combination of residues present at the interface of the complex or any of the partners; (ii) particular interfacial area; and (iii) particular X-ray resolution and any combination of the above. Another distinguishable feature of the PROTCOM database is that the original Protein Data Bank (PDB) files corresponding to single-chain or more than two-chain proteins are modified; hence, each entry in the database is made up of two interacting units.
DATABASE CONTENT AND DESCRIPTION

Selection principles
Current implementation of the PROTCOM database consists of two parts: two-chain protein-protein complexes (966 entries) and two-domain single-chain proteins (804 entries). The domain-domain entries are created from single-chain proteins that are split into domains using the PDP program (19) . Only domains that are loosely connected by a single polypeptide chain that does not correspond to either helix or to strand are selected. The names of the PDB files of the domain-domain structures in the database are modified by adding the suffix '_com' after the PDB ID code. The content of the original PDB file is also modified by deleting two residues in the link between domains and assigning new chain designators, A and B, to the residues belonging to the first and second domains, respectively.
The proteins in the database are selected from X-ray structures available in the up-to-date local version of the PDB. All proteins in the selected set (both real two-chain complexes and two-domain structures) satisfy the following criteria:
(i) The sequence identity between any two entries should be <95%. This criterion is also applied to the sequences belonging to the same protein-protein complex since our primary goal is to create a database of heterocomplexes. However, an extension of the database that will include separate section of homocomplexes will be implemented in the new database release. (ii) The area of the interface between A and B parts should be >250 s 2 and <50% of surface accessible area of either component (hereafter, the notations A and B stand for the larger and smaller complex parts, respectively, which, in general, may not coincide with the experimental chain designators in the PDB file). (iii) There should be at least two secondary structure elements (helix or strand) in each component of the complex.
Very often, X-ray PDB files of two-chain complexes contain several identical pairs, which are artifacts of crystallization. Such structures are also included in the PROTCOM database, but in this case, the original PDB files are modified so that only one pair out of several identical units is left. The experimental chain designators in those files and their names are left intact.
Structure of files
Files in the database are grouped into three folders: (i) the PDB folder with 3D structure in the PDB format, (ii) the SEQ folder with the sequences of both components in the FASTA format and (iii) the INF folder where all other relevant information is stored. File name nomenclature is a 4-symbol PDB code with extension 'pdb' (for the structure files), 'seq' (for the sequence file) or 'inf' (for the information files). Such organization of files is preserved when a user downloads search results (or the entire database).
Searching the database
The incorporated search engine (package of Javascript and Perl programs) offers search options in a very easy and user-friendly manner. The representative snapshot of the search page is shown in Figure 1 . At the top of the page, the user is given an option to select within which part of the database (within the complexes only, the domain-domain structures, or the whole database) the search will be performed and what conjunction (AND or OR) will be used between the search criteria. If no further selection criteria are chosen, the search results will consist of the entire content of the corresponding parts of the database.
For better visual perception of the search screen, the name of a search criterion is blurred and the related fields are disabled when this criterion is not selected (see Figure 1 ). For the numerical inquiries, the user is given a choice to search for values exactly equal to (with 5% tolerance level), larger than, smaller than or between the desired value(s) (in the latter case, the additional field appears in the screen for upper threshold of the value). There are also options to search for the presence of up to five specific residues and for the presence of specific combination of up to five residues on the interface in the A and B parts, separately.
The search results can be sorted in ascending or descending order by a number of parameters and are presented as a table with a minimum set of relevant info, which includes PDB ID (with a link to the corresponding entry in the PDB), name of the protein, resolution of the X-ray structure, classification of the entry in the database (complex or domain-domain structure), interface area and number of residues (total and on the interface) in the larger A and smaller B parts of the entry. If a detailed analysis is desired, an option to check particular entries for further downloading is provided as well as links either to text-only or to visual displays of the full information about the particular structure.
Visualization of entries
The visualization screen (Figure 2 ) utilizes JMOL technology (www.jmol.org) and initially displays a ribbon representation of the secondary structure elements of both polypeptide chains along with the ball-and-stick representation of the interfacial residues. The ribbons are colored by the chain while the color scheme for the ball-and-stick models is determined by the type of atoms. Interfacial residues can be displayed using sticks-only, ball-and-sticks or spacefill (atoms are displayed as spheres with the radius equal to corresponding van der Waals radius) model representations. There is also a possibility to display either the van der Waals dot surface or the solvent accessible surface area for the interfacial residue.
For a more detailed examination of the interfacial residues, an option is given to view the whole complex or its separate components along with the possibility to view interfacial residues separately by checking corresponding boxes on the bottom part of the visualization screen (Figure 2) . The JMOL technology also provides other visualization options [for full description see the JMOL website (www.jmol.org)].
Access to the database
Access to the database (http://www.ces.clemson.edu/compbio/ protcom) is free of charge and the users are given an option to send suggestions and comments to the authors of the database. Users can also freely download either a single entry or the entire database (or part of it) as a single 'tar.gz' file.
CURRENT STATE OF THE DATABASE
As on July 2006, the database contains 1770 entries of which 966 are the two-chain protein-protein complexes and 804 domain-domain structures. In the current release of the PROTCOM database each entry accommodates the following information: PDB ID, the name of the protein, the resolution of the X-ray structure, the calculated absolute interface area, the total number of residues, the number of residues on the interface, the relative interface area, the list of the interfacial residues, and the number of helices and strands (separately for A and B parts). A residue was included in the list of interfacial residues if the distance between any heavy atom of the residue and any heavy atom of any residue belonging to another component of the structure is less than the sum of van der Waals radii of the atoms plus the diameter of water molecule, 2.8 s. For informational purposes the sequences of both components of the database entry in the FASTA format are also displayed. The search results are arranged by the PDB ID, structure name, X-ray resolution, absolute interface area, total number of residues in the A and B parts, and the total number of interfacial residues in the A and B parts. In addition, the user can search for the presence of up to five specific residues on the interface in the A and B parts and for the presence of specific combination of up to five residues.
We have also developed an update script which automatically runs each month in order to create an updated version of the PROTCOM database based on the local copy of the PDB which, in turn, is automatically updated on a weekly basis.
COMPARISON TO OTHER DATABASES
As it was mentioned in Introduction, currently there are several databases of protein complexes and protein-protein interfaces. In order to provide the user with an opportunity to access the alternative resources, links to other relevant databases are added on the PROTCOM front page. In comparison to other databases, the PROTCOM database possesses a number of distinctive features with respect to both the content and the functional capabilities. From a structural perspective, the existing domain-domain databases iPfam (14) , 3DID (15) , PIBASE (17) and InterPare (16) were created with a purpose to investigate protein interactions on the domain level and thus do not include full-length protein complexes in the way PROTCOM does. The domain boundaries were defined using either the Pfam (20, 21) , SCOP (22) or CATH (23) definitions. The domain boundaries of the domain-domain entries in the PROTCOM are defined using PDP (19) domain parser and thus provide an alternative to the above classifications. In addition, domain-domain entries in the PROTCOM are artificially broken into two independent units in contrast to other domain-domain databases where the domains are continuous segments within the same polypeptide chain. Another related database is the PDBsum database (18) , which provides an overview of every macromolecular structure deposited in the PDB. However, this database does not contain domain-domain structures and has many redundant entries. Several databases (such as the SPIN-PP database developed in Honig lab) and servers [such as the popular ConSurf (24, 25) server] focus on the important aspects of the interfacial properties of protein-protein complexes. These resources will be used in the next generation of the PROTCOM database.
From a functional perspective, the PROTCOM database offers an option to create a subset of the database content with respect to user-defined combination of up to 10 different parameters (see Searching the database subsection) including searching for the presence of specific residues or a combination of residues at the interface, which we believe is a unique PROTCOM feature. Furthermore, the downloadable files are in pre-compiled format, and from the point of view of the user, even the domain-domain structures look like twochain protein complexes and can directly be used in whatever software the user has for calculating properties of proteinprotein complexes.
FUTURE DIRECTIONS
We plan for several directions of expanding and improving our database. We also plan to include in the PROTCOM database, complexes with several (>3) non-identical chains as well as structures parsed into several (>3) domains. From a functional perspective, the future version of the PROTCOM will give the user options to submit the selected entry to the SPIN-PP database and ConSurf server for further investigation of the interfacial properties. In addition, the database structure allows easy incorporation of new information and search parameters, which will undoubtedly arise from the feedback of the database users.
